A screening aimed at obtaining a cholinesterase inhibitor of microbial origin was carried out using Pseudomonas butyrylcholinesterase.
A mycelium-extract of a fungus strain, belonging to the genus Penicillium, was found to produce such an enzyme inhibitor.
The inhibitor was purified and crystallized as colorless leaflets. From physical and chemical studies, the inhibitor was identified as being identical with an antibiotic, mycelianamide, though this compound was not known to have enzyme inhibitor activity.
The kinetics of the inhibition of Pseudomonas butyrylcholinesterase were also studied. Horse serum cholinesterase and hog liver carboxylesterase were also inhibited by the isolated Penicillium C-8l inhibitor, but lipase and acetylcholinesterase were not.
There are many kinds of cholinesterase (ChE) inhibitors such as organophosphates, carbamates and quaternary ammonium salts. Most of them are synthetic compounds; some of them are extracted from plants. Only few reports deal with the production of ChE inhibitors by microorganisms.1.
ChE inhibitors are useful as insecticides and as chemotherapeutic agents. Thus, a systematic study to examine microorganisms as possible source for such inhibitors should be valuable.
Recently, we isolated and characterized acetyl ChE (AcChE), and butyryl ChE (BuChE) from bacterial cells.',') In some respects these enzymes resemble mammalian ChE; they are inhibited by various anticholinergic compounds. By using these easily obtainable enzymes, we began the search for ChE inhibitors of microbial origin. In a previous paper we demonstrated the presence of an AcChE inhibitor in the culture filtrate of Aspergillus terrens.'=I In this paper, the isolation of a BuChE inhibitor from Penicillium sp. No. C-81, its identification as mycelianamide and the kinetic data of the enzymic inhibition are described.
Materials and Methods
Chemicals. Carboxy lesterase (E.C. 3.1.1.1) from hog liver, AcChE (E.C. 3.1.1.7) from the electric eel, pseudo-ChE (E.C. 3.1.1.8) from horse serum, lipase (E.C. 3.1.1.3) from wheat germ and hog pancreas were purchased from Sigma Chemicals Co.; Silica gel, used for column chromatography was obtained from Mallinkrodt and silica gel, used for thin-layer chromatography, was Kieselgel 60 F-254, a product of Merck.
Preparation of the Pseudomonas enzyme. The preparation for Pseudomonas BuChE has been outlined in a previous report.4) Pseudomonas polycolor was cultured in a jar fermentor and a cellfree extract was prepared by disruption of the cells by means of an ultrasonic oscillator followed by centrifugation. BuChE present in the cell-free extract, was precipitated with ammonium sulfate at 0.3 to 0.8 saturation. The precipitate was dialyzed against 0.01 M potassium phosphate buffer (pH 7.4) for 20 hours. The enzyme solution, thus prepared, was stored at 20'C and was stable for several VOL. XXIX NO. 5 THE JOURNAL OF ANTIBIOTICS months. The screening for ChE inhibitor was carried out with this preparation. Furthermore, the enzyme solution was applied to a CM-Sephadex column (6.0 x 80 cm) equilibrated with 0.05 M buffer (pH 7.4) and the enzyme was eluted with 0.1 M potassium phosphate buffer (pH 7.4) containing 0.3 M sodium chloride. Active fractions (134 ml) were combined and this purified enzyme solution was used in experiments dealing with the kinetics of this inhibition.
Bacterial AcChE used in our tests was prepared from the cell-extract of P. aerugiuosa A-16 by the method described previously.') Microorganisms and screening. Microorganisms used in our screening test consisted of about 300 strains stocked in our laboratory and about 300 strains newly isolated from natural sources. Each strain was grown aerobically for 3-5 days at 28°C in the following media. Medium A used for cultivation of bacteria contained 0.5 % glucose, 1.0 % meat extract, 0.5 % peptone, and 0.1 % NaCl; medium B used for cultivation of molds contained 2.0 % glucose, 2.0 % malt extract, and 0.2 % yeast extract, and medium C used for cultivation of actinomycetes contained 1.0 % glycerol, 0.05 % arginine, 0.05% K-HPO4 and 0.5% yeast extract. The cells and mycelia were harvested by centrifugation and filtration, respectively. Possible presence of an inhibitor was investigated both in the culture filtrate and in the mycelia. The mycelium-extract was prepared by suspending the mycelium in a 1: 1 mixture of chloroform and ethanol at room temperature for 2-4 days. After the removal of the mycelium by filtration, the extract was evaporated to dryness and then dissolved in a small amount of methanol. Inhibitory activity against Pseudomonas BuChE was determined as follows: 0.2 ml of BuChE solution containing 1.3 units activity/ml in 0.1 M potassium phosphate buffer (pH 7.4) and 0.8 ml of the culture filtrate or 50 µl of the mycelium-extract were mixed and incubated for 30 minutes at 30°C. The activity in 0.2 ml of the mixture was measured on a Hitachi 124 spectrometer at 412 nm with addition of 1 µmole of 5,5'-dithio-bis-(2-nitrobenzoate) and 1.45 µmoles of butyrylthiocholine iodide and 300 pmoles of potassium phosphate buffer (pH 8.0) in a total volume of 3.35 ml.
Assay of enzyme activity. The activity of carboxylesterase was assayed in a reaction mixture (3.05 ml) containing p-nitrophenyl acetate as the substrate, 300 moles of potassium phosphate buffer (pH 8.0) and 4.1 units of enzyme. AcChE activity was assayed in a reaction mixture (3.02 ml) containing acetylthiocholine iodide as the substrate, 1 iimole of 5,5'-dithio-bis-(2-nitrobenzoate), 300 moles of potassium phosphate buffer (pH 8.0), and 3.8 units of electric eel enzyme or 1.1 units of enzyme from P. aeruginosa A-16. Pseudo-ChE activity was assayed in a reaction mixture (3.10 ml) containing butyrylthiocholine iodide as the substrate, 1 icmole of 5,5'-dithio-bis-(2-nitrobenzoate), 280 µmoles of potassium phosphate buffer (pH 8.0), and 1.23 units of enzyme. One unit of carboxylesterase, AcChE and Pseudo-ChE was defined as the amount of protein that hydrolyzed 1 µmole of p-nitrophenyl acetate, acetylthiocholine and butyrylthiocholine, respectively, in the above reaction mixtures in 1 minute at 25°C. Lipase activity was assayed in a reaction mixture (4.2 ml) containing 2.8 µmoles of 2-naphtyl myristate dissolved in ethylene glycol monoethyl ether, 116 µmoles of sodium cholate, 800 µmoles of Tris-HCI buffer (pH 7.4) and an appropriate amount of lipase from wheat germ or hog pancreas. The reaction was carried out at 37.5°C for 5 hours, and the formation of 2-naphtol was measured colorimetrically.e>
Results and Discussion
As a result of the screening, the mycelium-extract of an isolated fungus No. C-81. was found to show a strong inhibitory activity. Taxonomic study showed that the fungus belonged to the genus Penicillium. The following experiments were conducted with strain, Penicillium sp. No. C-81. Various nitrogen compounds were tested as the nitrogen source for the production of the inhibitor.
Best production of the inhibitor was obtained with sodium nitrate (Table 1a) . Organic nitrogen sources were not suitable. Several kinds of carbohydrates (starch, sucrose, glucose, glycerol) were effective for the production of the inhibitor (Table ib) . The fungus was cultured in shaking flasks, the progress of a typical fermentation is plotted in Fig. 1 . Maximum production was reached after 8-10 days. Composition of salts mixture was K-HPO4 0.1 % and MgS04.7H90 0.025 %. Penicillium sp. C-81 was inoculated in 300 ml medium in 2-liter flask and cultured at 28`C for 7-8 days on a reciprocal shaker. * Growth refers to the dry weight of mycelium per 300 ml broth . * ° As the absorbance at 320 nm of mycelium extract is almost entirely due to the presence of the inhibitor, the amount of mycelianamide was determined from the molar extinction of mycelianamide at 320 nm.
Fig. 1. Time course of cultivation
Composition of the medium: sucrose 5 %, sodium nitrate 1 %, K2HPO4 0.1%. and MgSO4-7H.O 0.025 %. Growth refers to the dry weight of mycelium per 300 ml broth and the amount of mycelianamide refers to the total amount of inhibitor in the total amount of mycelium present in 300 ml broth. It has an ultraviolet absorption very similar to that of mycelianamide itself. Only a slight alternation in the chromophore was observed on reduction (from Amax 234, 325 nm to Amax 227, 432 nm).
The slight shift to shorter wavelength on reduction would be expected on removal of a hydroxyl group from nitrogen. In the it spectrum there is a strong band at 1675 cm-1 which is characteristic of unstrained cyclic amides. The reduction product was hydrolyzed by acid, and alanine was detected by silica gel thin-layer chromatography developed with the solvent: CHC13 -acetone (3: 1). Thus the reduced compound of the inhibitor was identical with deoxymycelianamide. From these results, Fig. 3 . Kinetics of inhibition by mycelianamide of P. polycolor. BuChE-butyrylthiocholine system (A); Serum ChE-butyrylthiocholine system (B); Carboxylesterase p-nitrophenyl acetate system (C). The reaction was carried out with (_) or without (0) mycelianamide in the presence of methanol (1.6%). 10 jig, 104 jig and 30 jig mycelianamide dissolved in methanol was added to the reaction system (A), (B) and (C), respectively. the newly isolated inhibitor seemed to be mycelianamide. The identity with authentic mycelianamide which was supplied by Prof. R. BATES (University of Arizona, Tucson) was confirmed by the direct comparison of their it spectra and by a mixed melting point determination.
The effect of mycelianamide on several esterases was studied. Mycelianamide inhibits the activity of Pseudomonas BuChE as shown in Fig. 3 (A) . in investigated strains of the genus Penicillium such as P. chrysogenum, P. notatum and P. expansum nor in other genera of molds; it was present only in strain C-81. Penicillium sp. C-81. resembles P. griseofulvum morphologically, but details of possible identity were not examined as yet.
As described previously,4' the Pseudomonas
BuChE is inhibited by organophosphorus compounds and carbamates, such as diisopropylphospho-fluoridate and eserine. Furthermore, the enzyme is inhibited by some biologically active compounds such as atropine, quinidine Although the isolated inhibitor was identified as mycelianamide, a compound already described as an antibiotic inhibiting the growth of Gram-positive bacteria,') its function was first recognized as an enzyme inhibitor in this study.
